INTRODUCTION
Richtmyer-Meshkov instability (RMI) produces the mixing of two fluids of differing density separated by a perturbed flat interface after acceleration by a shock wave. Baroclinic vorticity deposition ~∇ρ×∇p initiates mixing during the shock interaction process in the areas where there is misalignment between the density gradient at the interface and the pressure gradients induced by the shock wave. Of greatest interest to applications is the turbulent mixing process. A variety of theoretical turbulent models have attempted in order to predict the growth of the mixing layer thickness h in the turbulent stage of the instability [2, 3] . In all cases it has been proposed that the asymptotic increase in the thickness is proportional to t θ where t is time. Numerical simulations and models predict values of θ in a fairly wide range. Therefore there is strong motivation to measure θ experimentally. For singlemode 2D or 3D perturbations there are four stages of evolution traditionally considered: linear, nonlinear, transitional, and turbulent. However, it is difficult to say how long it will take to obtain fully developed uniform turbulence within the mixing zone. Therefore, there is no guarantee that asymptotic saturation will be achieved in a real experiment since the influence of side walls along with the form of the initial perturbation can easily change the mixing scales. There fore in order to accelerate the transition to turbulence experiments were conducted with initially random 3D perturbation.
Mikelian's model [1] separates RMI instability process initiated with a random initial perturbation into two stages. In the first stage it is assumed that the mixing layer width, h grows linear in time for t < t * where
is the initial total mixing layer width, Δu is the interface velocity induced by shock acceleration and β ≈ 6 for an Atwood number of 0.7. For t > t * the model assumes a power law of the form
(1) In the work presented here equation (1) will be used to extract values of θ from individual experiments.
EXPERIMENTAL SETUP
Experiments were conducted in a vertical shock tube that is 5.2 m long and has a 89x89mm 2 square cross-section [4] . An interface is formed in the test section of the shock tube using opposed gas flows where the heavy gas (SF 6 ) flows upward in the shock tube and collides with the light gas (air) flowing downward. The light gas enters through a plenum at the top of the driven section immediately below the diaphragm, and the heavy gas enters through a similar plenum at the bottom of the test section. Both gases exit the shock tube through a series of small holes in the test section walls, leaving behind a flat, stable and slightly diffuse interface. A shock wave is generated by puncturing a polypropylene diaphragm that separates the driver from the driven sections. The shock wave then travels downward in the tube into the test section where it impacts the interface to produce the instability. In all experiments presented here an incident shock wave Mach number of 1.2 was used. The flow is visualized in these experiments using planar Mie scattering utilizing a multi-camera high-speed video system allowing the capture of full time sequences from a single experiment. In these experiments, one of the gases (air or SF 6 ) is seeded with incense smoke and illuminated using the second harmonic of a diode pumped Nd:YLF laser operated at 6 kHz passing through either the side wall or end wall of the test section. The resulting image sequences are then captured using up to three high-speed CMOS video cameras (Photron APX-RS), with up to 1024 × 1024 resolution).
Short-wavelength, random three-dimensional perturbations are generated by the vertical oscillation of the gases within the shock tube using two reinforced loudspeakers mounted in the shock tube walls, one near the bottom of the test section and the other near top of the driven section. The two speakers are oscillated out of phase from each other producing the vertical motion of the gas column within the shock tube, which produces Faraday internal waves on the interface.
IMAGE PROCESSING
Under ideal conditions, i.e., uniform light sheet illumination and with dilute uniformly seeded smoke, the intensity of scattering light would be proportional to the concentration of gas containing the smoke. However, under real conditions this is not the case and the images must first be corrected for a non-uniform light sheet illuminations and Beer's law absorption. Unfortunately, secondary scattering prevents performing the standard correction processes commonly used in planar laser induced fluorescence imaging. In addition to these effects nonuniform smoke seeding and noise created by the speckle phenomenon caused by the scattering of coherent laser light from smoke particles results in added complications. Therefore an alternative processing method had to be developed.
The first step in the process is to apply a Gaussian filter to each image in order to reduce the small-scale noise present in the original raw experimental images. The second step in the process is to apply an edge detection algorithm in order to identify the mixing region location for every column in each image. However, the algorithm requires a normalization such that consistency is maintained for every image in a particular experiment. For that purpose, the third image after the shock interface interaction is used. In this post shock image, the horizontal average intensity is found. Then using this one-dimensional intensity distribution the maximum slope is found. The edges of the mixing region are then determined by marching from the top and bottom of the images and noting the locations where the derivative exceeds some fraction of the maximum slope. The edges of the mixing region is then defined by moving three pixels outward from the location where the threshold is crossed. Through experimentation it was found that a threshold of 1/2 the maximum slope worked best for the smoke-seeded side of the mixing region and 1/10 the maximum slope worked best for the unseeded side. The results of this process yields two points for every column defining the edge of the mixing region.
The next step of the process is to smooth the contours using a Fourier filter. For every contour a Fourier transform was applied and the coefficients of the Fourier series are found. To obtain smooth contours the first 12 modes of the Fourier series were used. Then, for every column, among the pixels above the top contour, the pixel with highest intensity was found and defined I min . Similarly, among pixels below the bottom contour, the pixel with lowest intensity was determined and defined I max . In the final step of the process the new corrected concentration is found using 
where L is the image width and 0 ≤ C(x,y) ≤ 1. After an experimental image sequence was processed the integral mixing widths were found using
Here, W b is the integral mixing width the light fluid into the heavy one, i.e., the "bubble" width and W s is the integral width of heavy fluid extending into the light fluid, i.e., the "spike" width.
RESULTS
Experimental images (both original and post processed) are shown in Figs. 1a and b. Fig. 1a presents one of three experiments (denoted experiments 1 − 3) in which smoke was seeded in the heavy gas (SF 6 ) and the laser sheet was oriented parallel to the shock tube sidewall. Fig. 1b shows an experiment from another group of two experiments (denoted experiments 4 and 5) in which smoke was seeded in light gas (air) and the laser sheet was oriented diagonally through the square cross section.
Mikaelian's model [1] was used to extract the growth exponent θ from the experimental measurements of mixing layer width. Although the experiments are technically compressible, the weak shock strengths used here allow for the incompressible estimation for t * to be used. 
CONCLUSIONS
Five shock tube experiments, all performed under the same conditions, but having different initial perturbations were conducted to study RMI. Mikaelian's model [1] was used to extract the growth exponent θ where a wide range of values was found, indicating that the initial density distribution has a strong effect on this parameter. It is interesting to note that numerical simulations [5] yield θ values in relatively tight range 0.26 ≤ θ ≤ 0.3 with a narrow band very short wavelength initial perturbation. Calculations with broadband initial perturbations from [5] give θ = 0.62. Thus experiments inevitably must be performed with broader band perturbations having much longer wavelengths when compared to the shock tube width. In addition, the variation of growth exponents obtained here may be the results of finite sample size resulting from only being able to obtain measurements on a single plane in a 3D flow. Therefore the obtaining of consistent values of θ may require making an ensemble average over a very large number of experiments.
